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ORIGINAL ARTICLES. 


DECREASE OF TEMPERATURE WITH INCREASE OF 
ALTITUDE. 
By Pror. WILLIAM FERREL. 

If the whole atmosphere were without aqueous vapor, and in 
such a stable state that no temperature disturbances could give 
rise to ascending and descending currents, and so to an inter- 
change of air between the upper and lower strata of the atmos- 
phere, the temperature of the air above would undoubtedly be 
very low in comparison with that of the earth’s surface, and of 
the lower strata heated by conduction from the earth’s surface. 
There would, therefore, be in this case a very rapid decrease of 


temperature with increase of altitude, but the rate of decrease 
would most probably vary greatly at different altitudes. 


If the earth had no atmosphere, and a thermometer, or any 
body, were suspended at night at any moderate altitude above 
the earth’s surface, its static temperature would be very low in 
comparison with that of the surface of the earth. If such 
a body were surrounded on all sides by a complete inclos- 
ure, we know that its static temperature would be that of 
the inclosure. But when thus suspended not very far above 
the earth’s surface it receives from this surface, if it has a 
maximum radiativity, such as lampblack is usually supposed 
to have, only half as much radiated heat as it would from 
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a complete inclosure of the same temperature, and conse- 
quently its static temperature is that at which it radiates only 
half as much heat as it does at the temperature of the complete 
inclosure. ‘To determine this temperature, therefore, it is neces- 
sary to know the relation between the radiativity of a body and 
its temperature. According to the law of Dulong and Petit, the 
temperature of a body, at all temperatures, must be diminished 
90° in order to have its radiation decreased to one-half, and 
hence, if we suppose the temperature of the earth’s surface to 
be 15°, which is about the mean of the whole surface, a black- 
bulb thermometer, or any body in which the relative radiativity 
and absorptivity are equal, would stand at a temperature of 

75°. But by Stefan’s law, which makes the radiation increase 
as the fourth power of the absolute temperature, the tempera- 
ture would have to be reduced 46° only in order to have half the 
amount of radiation, and so the body would stand at a tempera- 
ture of — 31° only. So great is the difference in these two laws 
when extended down to temperatures far below those in the 
experiments from which they have been deduced. According to 
recent researches of the writer, the truth lies between these two 
laws, but nearest to the latter. The body, therefore, would prob- 
ably stand at about the temperature of — 50°, and so 65° below 
that of the earth’s surface. It is seen, therefore, that bodies a 
little above, and not in contact with the earth’s surface, when 
there is no atmosphere, tend to assume, when not heated by the 
solar rays, a very low temperature in comparison with that of 
the earth’s surface. And this would be sensibly the same for 
all bodies at altitudes not so great that the solid angle subtended 
by the earth would differ sensibly from that of a hemisphere, 
which would require the altitudes to be very great. 

During the course of the night the earth’s surface does not 
cool down very much on account of the shortness of the period 
and the reserve of heat below the surface, which after a sufficient 
vertical temperature gradient is established, comes up by con- 
duction nearly as fast as it is radiated, so that at sunrise the 
temperature is nearly stationary. As the temperature of the 
surface falls, so does that of the body suspended above it, so 
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that the difference of temperature remains nearly, if not quite, 
the same. If the earth were surrounded by a clear atmosphere 
not heated by the solar rays, and its surface maintained at a 
given temperature, the upper part of the atmosphere would be 
somewhat in the condition of the suspended bodies; it would 
receive heat by radiation mostly from one side only, but would 
radiate in all directions the same as in the case of a perfect 
inclosure, and consequently its temperature would fall nearly as 
low as that of a body suspended in empty space above the earth’s 
surface; for the amount of heat radiated from the rare strata of 
the atmosphere still above would be very small, and the amount 
conducted from the earth’s surface would be sensibly nothing. 
The lower down in the atmosphere, however, the greater the 
amount of heat radiated from the air above, and so the higher 
the temperature, but this would still be much lower than that 
of the earth’s surface down to where heat is received from this 


surface by contact and conduction. 
The conditions are very nearly the same where the atmos- 
phere receives the solar rays during the day, for the rays in 


passing through the clear atmosphere are but slightly absorbed, 
being mostly either reflected back or transmitted through to the 
earth’s surface. Since it is only the absorbed heat which can 
affect the temperature, the temperature of the air above is but 
little increased by the solar rays, and their principal effect is 
upon the earth’s surface and the lower strata of the atmosphere 
which receive heat from the surface by contact and conduction. 
This is lost again during the night by radiation into space, and 
so there are considerable diurnal inequalities of temperature at 
and near the earth’s surface, while in the upper strata this 
diurnal oscillation of temperature is very small. The tendency 
of the solar rays, therefore, is mostly to cause a more rapid 
decrease of temperature with increase of elevation during the 
day than the night, while the diurnal average of the rate of 
decrease is not much affected. 

Although the tendency is, while the atmosphere is in a static 
condition, for the upper strata to assume a very low temperature 
in comparison with that of the earth’s surface, from which a 
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very rapid decrease of temperature with increase of altitude 
would arise, yet this, in general, never actually takes place, 
since this tendency is being constantly counteracted from other 
causes. It is well known that an unsaturated atmosphere be- 
comes in an unstable state as soon as the vertical gradient of 
decreasing temperature is more than 1° for each 100 meters 
of ascent, and even with a much smaller gradient where the air 
is saturated, and that this state gives rise to ascending currents, 
which are manifested in ordinary rain-storms, cyclones, torna- 
does, etc., and consequently to descending currents in the sur- 
rounding parts. Hence, before the vertical gradient of decreas- 
ing temperature becomes very much greater than 1° for each 
100 meters, there is a bursting up of the air of the lower strata 
through those above, very gently, as in ordinary rains, if the 
gradient has not become much greater than 1° for each 100 me- 
ters before some initial disturbing cause arises, but often wtih 
great violence if this gradient has become very much greater 
before such disturbing cause takes place, and especially where 
this is of a very local character. If there were a continual and 
very rapid interchange between the upper and lower strata, it is 
evident the vertical gradient would never be much greater or 
less than 1° for each 100 meters in unsaturated air, and not so 
much as this where the air is saturated, as it is in ascending 
urrents up in the cloud regions. In the frequent inversions» 
therefore, of the air of the upper and lower strata of the atmos- 
phere, arising from the various kinds of storms, the vertical 
gradient of decreasing temperature never becomes very much 
greater than 1° for each 100 meters. But the gradient, especially 
in the upper regions of the atmosphere, is generally much less 
than this on account of the heat of condensation given out in the 
ascending currents after the vapor has ascended to the altitude 
where condensation commences. By a reference to Table XIII of 
the appendix of Recent Advances in Meteorology, it is seen that 
this gradient in the ascending current here is mostly less than 
one-half of what itis in saturated air. Butin the gradual descent 
of the air the tendency is to increase the gradient to that of 
dry air, since saturated air in its descent becomes at once un- 
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saturated. In the cloud region, also, especially at the upper 


limit, the temperature, and the regularity of the vertical gra- 
dient, may be very much affected by the absorption of the sun’s 
heat by the cloud instead of letting it pass through mostly to the 
earth’s surface. 

Since condensation and cloud-formation take place mostly 
above, after the vapor has ascended to a greater or less altitude, 
it is evident that the general or average vertical gradient is less 
above in the cloud region than in the lower strata of the atmos- 
phere, and less here during cloudy than in clear weather. And 
this is in accordance with the results deduced from the discus- 
sions of Glaisher’s observations in his bailoon ascents, according 
to which the gradient in clear weather was 0.98° from 0 to 1,000 
feet of altitude, 0.72° from 1,000 to 2,000 feet, but only 0.46° from 
5,000 to 10,000 feet of altitude. In cloudy weather the gradient 
was considerable less below, but nearly the same as in clear 
weather up at high altitudes. 

The principal point which we have attempted to establish is 
that during settled, and especially clear, weather the conditions 
which deterinine the temperature of the atmosphere, and espe-. 
cially of the upper part of it, are such that the vertical tempera- 
ture gradient is gradually increased until the unstable state is 
induced, it may be, at times, until the atmosphere becomes very 
unstable, when irruptions of the air of the lower strata up 
through the upper ones occur, ascending and descending cur- 
rents and an interchange of air of the upper and lower strata 
take place, and the atmosphere is brought back for a time to the 
stable state, when- settled, and perhaps fair, weather prevails 
again for a time, until the same unstable state and inversions 
occur again; so that the geueral vertical gradients of tempera- 
ture are such as do not vary much from that of incipient insta- 
bility of the atmosphere, which would exist if there was a very 
rapid interchange of air between the upper and lower strata, 
these gradients being sometimes greater, when the atmosphere 
becomes unstable, and then less, when the weather is settled and 
fair. If the atmosphere were of such a nature that a vertical 
gradient of 1° for each 50 meters instead of each 100 meters 
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would be caused by ascending and descending currents, the un- 
stable state would, no doubt, be still induced under the con- 
ditions determining the temperature, but not so readily, and 
then the general vertical temperature gradient would be about 
twice as great. 

In the annual changes of the seasons the earth’s surface and 
the lower strata of the atmosphere become warmed up faster in 





spring and early summer than the air of the upper strata, so 
that at this season the unstable state is more readily induced, 
and the various atmospheric disturbances prevail more than dur- 
ing the fall, when the earth cools faster than the air above, and 
so the unstable state is not so readily produced, and therefore 


more settled weather generally prevails. 


SOME DIURNAL AND ANNUAL OSCILLATIONS OF THE 
BAROMETER. 


By H. HELM CLAYTON. 


In the second volume of Gen. Greely’s report of the Arctic 
Expedition to Lady Franklin Bay, it is pointed out on page 169 
that if the diurnal change in pressure observed at the five arctic 
stations, Fort Conger, Point Barrow, Spitzbergen, Jan. Mayen, 
Sagastyr, all north of 70° latitude, but differing widely in longi- 
tude, be plotted in simultaneous time, the maxima and minima 
of all the curves show a striking coincidence with each other; 
while if plotted in local time they are widely divergent. The 
curves when all plotted in Washington mean time show a chief 
maximum about 6 A. M., a minimum about noon, a secondary 
maximum about 5 p. M., and a chief minimum about midnight. 
It seems interesting in this connection to notice that the chief 
maximum which occurs at 6 A. M., Washington time, is coinci- 
dent with the time of greatest Caily temperature over the great 
continental area composed of Europe, Asia, and Northern Africa; 
the secondary minimum occurs just as the noon-day sun has 
crossed the Atlantic Ocean; the secondary maximum occurs at 
the time of greatest daily temperature in the center of the 
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American continent; and the chief minimum occurs immediately 
after the time the noon-day sun has crossed the Pacific Ovean. 
It is shown in Scott’s Weleorology, page 89, that a very decided 
minimum of pressure occurs over the Asiatic continent about 
the warmest part of the day. It is hence necessary to assume 
that at this time of day there is an overflow of air from this 
region toward surrounding regions, namely, toward the pole and 
toward the oceans. This seems to explain the maximum press- 


ure at the poles. On the other hand, when the sun is vertical 


over the ocean the air is cooling and the pressure rising over the 
Asiatic continent, indicating a flow of air from surrounding re- 
gions. The air which flows toward this region from the pole is 
not replaced by air flowing from the ocean toward the pole, be- 
cause the atmosphere over the ocean is but little heated by the 
sun; and hence at this tim? a minimum of pressure occurs a 
the pole. The secondary maximum and chief minimum are 
prebably explained in the same manner by the heating and ex- 
pansion of the air over the American continent, and the approx- 
imate absence of this effect over the Pacific ocean. 

This rapid interchange of effects from continent to continent 
is also in line with what is becoming more apparent every day 
namely, that atmospheric disturbances at any place are conr- 
nected with phenomena occurring over immense areas. Storms 
and anticyclones are not in general the result of the effect of local 
heating or cooling within their areas of action, but are rather 
mechanical and dynamic effects of continental and oceanic heat- 
ing and cooling. In the future, when weather forecasting shall 
have become more exact, and for longer intervals in advance, 
there can scarcely be any doubt that the weather forecaster will 
make use of all of the available weather observations in the 
northern hemisphere; and perhaps use observations from all 
over the world. Already in Europe, where scientific weather 
forecasting is more alvanced than in America, they appreciate 
the importance of such knowledge, and are having telegrams 
concerning the weather in America sent to them each day. 

Another fact brought out in the report of the Lady Franklin 
Bay Expedition, is that an annual maximum of barometric pres- 
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sure, beginning in the arctic region in April, occurs successively 
later as one advances southward across the Atlantic ocean and the 
western shores of Europe, until the equatorial region is reached, 
where the annual maximum pressure of the year occurs in 
August. On the other hand, an annual barometric minimum of 
pressure, beginning with the southern parts of the continents of 
North America and Asia in May and June, advances northward 
and covers the arctic region in July and August. These facts 
also appear explicable by the relative heating and cooling of the 
continents and oceans. When the temperature over any region 
is rising, there is known to be a tendency for the air to expand 
and overflow toward adjacent regions. It is also known that 
curves representing the annual sweep of the temperature begin 
to rise in the southern part of the great continents before they 
do in the arctic region, where the minimum temperature of the 
year occurs in February. Hence, in late winter and early 
spring there is an increased tendency for the air to flow toward 
the pole, and this probably culminates with the maximum 
pressure near the pole in April, after which the continents 
become warmer than the ocean, and the expanding air over the 
continents tends to overflow toward the ocean. Hence, in May 
the place of maximum pressure for the year is displaced from 
the pole toward the North Atlantic Ocean. At this time the 
temperature is rising rapidly in the arctic regions, and the 
contrast in temperature between the continents and oceans is 
increasing, so that in June we find an annual maximum of 
pressure over the center of both the Atlantic and Pacific 
Oceans,* and a minimum over the southern parts of the adjacent 
continents. At this time of year the temperature is rising much 
more rapidly in and near the arctic region than near the equator, 
and hence there is a relative expansion of the air from the pole 
toward the equator, until in July and August the minimum 
pressure of the year is reached in the arctic region, and the 
northern part of the continents; while a maximum of pressure 
occurs near the equator. In the winter time, when the temper- 


* The chief maximum of the year, however, occurs over the middle Atlantic in Feb- 
ruary, for other reasons. 
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ature is lowest, the maximum pressure of the year is found over 
the continents, and in the main over the entire northern hemi- 
sphere, except over the North Atlantic and Pacific Oceans, where 
minimum pressures are found, evidently because the tempera- 
ture at these places is relatively much higher than over the 
adjacent continents. Of course, to thoroughly explain these 
phenomena, the effects of the earth’s rotation and the centrifugal 
force of the air would have to be considered; but as well as the 
writer understands these laws, the effects of the earth’s rotation 
would not be to prevent a rise of pressure where the tempera- 
ture was falling and a fall of pressure where the temperature 
was rising, but merely to check these tendencies, and when the 
contrast of temperature was fully established, to cause a re- 
distribution of the pressure. 
BLUE HILL OBSERVATORY, READVILLE, MASS., March 20, 1889 


THE MINERAL WATERS OF GRATIOT COUNTY, MICHIGAN. 


By I. N. BRAINERD, M. D. 


Health resorts in Michigan are somewhat numerous; and that 


physicians and their patients may have some knowledge of these 
places, other than that which is obtainable from advertisements, 
is highly desirable. Having knowledge of the mineral waters 
of Gratiot county, I have imposed upon myself the task of set- 
ting forth their virtues. 

There are two medical sanitariums in Gratiot county—one at 
St. Louis, and one at Alma. The published analysis of the St. 

, a 

Louis water is follows: 

Carbonate of Soda, .... 7.684 grains to the pint. 

Carbonate of Magnesia, | 

Carbonate of Iron, .. . 5.019 grains to the pint. 

Carbonate of Lime, . 

Sulphate of Lime,..... 6.925 grains to the pint. 

Silicate of Lime, . . 

ee ‘ oo 

The carbonates of are ene and magnesia are all alkaline 
carbonates, and as such are all ant-acid, and increase the alka- 
linity of the blood, and render neutral or alkaline the urine. In 

. ’ 


acid dyspepsia either of these carbonates is efficient in securing 
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immediate relief, but the after effect is to increase the produc- 
tion of acid. The acid diarrhoea of children can be relieved by 
the carbonate of soda, and it is one of the chief remedies in the 
alkaline treatment of rheumatism. 

Carbonate of magnesium is a mild and agreeable laxative for 
children and pregnant women, provided it enters into combina- 
tion with acids inthe stomach. Meeting with hydrochloric acid 
it forms magnesium chloride, which is a laxative. Without this 
chemical reaction it is not a laxative. To insure this decompo- 
sition and recomposition, it is a good plan to follow the medicine 
with a glass of lemonade. This will make the citrate of mag- 
nesium, which is a well-known laxative, and set free carbonic 
anhydride, which is a sedative and anesthetic to the gastric 
mucous membrane. The carbonate of lime (limestone) reénfor- 
ces that substance in the blood. Iron, though the carbonate is 
not the best preparation, promotes both appetite and digestion. 
Some authorities claim that its therapeutic value depends almost 
wholly upon its power to promote digestion. It increases the 
number of red cells and the quantity of their hematin. Rheu- 
matism, in the anemic, is benefitted by iron, the tincture of the 
chloride being the best preparation for this affection. The car- 
bonate found in the water is converted into chloride in the 
stomach, but is not, of course, made into a tincture there. The 
tincture is also used in the treatment of erysipelas and diph- 
theria. Scrofula, strumous enlargement of the cervical, ingui- 
nal and mesenteric glands and rickets should be treated with 
the iodide of iron, but would be somewhat benefitted by the 
carbonate. Neuralgia, chorea and disorders of the mind depend- 


ing upon anemia call for iron. The sulphate of lime (gypsum), 


silica (quartz) and silicate of iron (in rocks and glass) have no 
therapeutic value. 

The St. Louis springs should be classed among the “alkaline 
mineral springs,” and their water somewhat resembles the cele- 
brated Vichy water of France. This water taken before meals, 
will increase the flow of gastric juice, and hence be serviceable 
in atonic dyspepsia. From its laxative properties, it will re- 
lieve chronic constipation and hemorrhoids dependent thereon. 





The Mineral Waters of Gratiot County, Michigan. 155 


Obesity. would probably be reduced by it. Rheumatism and 
gout will be especially benefitted by these alkaline waters. The 
lithic-acid diathesis can be cured by the long continued use of 
alkaline waters. Diabetes in the obese is wonderfully benefit- 
ted by alkaline waters combined with a proper diet. Chronic 
skin diseases and erysipelas would probably be benefitted here. 
Anemia and diseases resulting therefrom ought to be benefitted 
by this water. 

It is to be regretted that the managers style this water “ mag- 
netic.” Every scientist knows that water is not and cannot be 
made magnetic. The magnetism is produced by terrestrial cur- 
rents in the vertical iron tube through which the water flows. 

The Alma water containsin grains per pint, according to the 
chemist’s report: 

First Well. Second Well, Third Well. 

Sodium Chloride 9.2 1731.85 1160.26 
Calcium Chloride 12 314.82 1543.86 
Magnesium Chlor. 201.79 161 59 
sicarb. Iron eines 11.06 

Calcium Carb sin If 11.82 

Magnes. Carb ; : 5.15 

Potas. Chloride O08 53.27 

Calcium Sulphate “ 63 

Sodium Bromide ie ee ae 27.16 

Sodium Lodide 


Ferric Oxide.... 
It is believed that the bromide and iodide of sodium are too 
large. 


Chloride of sodium has, unquestionably, an important office 


in the economy, and it is equally certain that we get enough of 
it, and sometimes too much in our food for all ordinary purpo- 
ses. If there were a lack of the fluidity of the blood-albumen 
or of the fibrine, sodium chloride in excess of our ordinary food- 


allowance would do good. Its deprivation is a great injury. In 
association with the other salts in this water, it adds to the com- 
mon saline property and doubtless increases its efficiency. 
Calcium chloride is an alterative of no mean value. “ Recent 
studies of the therapeutical actions of chloride of calcium have 
shown it to possess the remarkable property of an antagonist or 
antidote to the strumous constitution. * * * It has been shown 
* * * that under its use enlarged and cheesy lymphatics gradu- 
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ally resume their normal condition, tubercular deposits undergo a 
process of calcification, and ulcerating cavities discharge their 
contents and cicatrize. It can not, of course, be asserted that 
such surprising changes frequently occur, but that they do some- 
times take place, clinical experience has proved. From this 
point of view, then, chloride of calcium assumes a high degree 
of importance.”—(Bartholow). It is useful in the disordered 
secretions of strumous children, and in colliquative diarrhoea. 
“ According to the published observations of Begbie, Coghill 
and Bell, we possess no agent so valuable in the wasting diseases 
of children of strumous origin, in glandular enlargements, ete. 
The testimony which has lately been published in respect to 
the curative power of chloride of calcium in consumption is cer- 
tainly very striking, and especially in those cases succeeding to 
glandular enlargements heretofore so little amenable to treat- 
ment. According to Rodolfe, chloride of calcium cures corea 
speedily.”—(Bartholow). But there is one hundred times too 
much of it in the third well. 

Magnesium chloride is not an officinal remedy, but is a laxa- 
tive. It is the chloride into which the carbonate is oftenest 
converted in the stomach. 

Sodium bromide is a sedative, much resembling the other 
bromides. It has the greatest effect of all upon the pulse, res- 
piration and temperature, is second in its effects as a hypnotic, 
and is least in quieting reflexes. It is useful in relieving nerv- 
ous and hyperemic headaches, and to induce sleep. It may be 
used to suppress increased heart action from irritation of the 
sympathetic system, to relieve poisoning from mercury, cop- 
per and lead, neuralgia, sick headache, epilepsy, peripheral vaso- 
motor disturbances, and a score of other affections. 

Sodium iodide is similar to potassium iodide in its therapeu. 
tic properties, but is less efficient. 

For a description of the other substances found in this water 
see paragraphs above. 

Asa whole, this water must beclassed among the “saline min- 
eral waters,” and it somewhat resembles the Kissengen waters of 
Bavaria. It is useful in scrofula, dyspepsia, hepatic obstruc- 
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tion, diabetes, constipation, rheumatism, gout, and pelvic trou- 
bles in females. 


The managers of this well are also guilty of the “magnetic” 


nonsense, and further advertise that the water has “a temper- 
ature of 135 to 150 degrees.” Why this great variation? Five 
or six degrees is sufficient for the seasonal changes. Which is 
it? Is it 135, or is it 150? or is it neither? Let ussee. The 
temperature of the interior of the earth increases one degree for 
every fifty feet of descent after the first 100 feet. This well is 
nearly 2,900 feet deep. Subtracting the first 100 feet, we have 
2,800. This number contains 50 56 times. That is, the bottom 
of that well is 56° warmer than the top. By actual test I find 
that the water flowing from a 100-foot well has a temperature of 
48°. 56° + 48° — 104°. That water cannot, therefore, be above 
104°, or thereabouts, and by the time it has flowed through 
that half-mile of pipe it will be below that. The “Hot 
Springs” of Virginia have a temperature of 100° to 106°. 

There is a score of other mineral wells in Alma; but I will 
mention only one —that of L. D.Rodman. I mention it because 
its water is being put upon the market. It contains 

Bicarbonate of iron; 

Sulphate of lime; 

Chloride of sodium; 

Sulphate of magnesium; 

Carbonate of lime; 

Carbonate of magnesium; 

Oxide of aluminum. 

This is saline water, and resembles somewhat the “ Eureka” 
well, among the “Saratoga Springs” in New York. This wa- 
ter contains sulphate of magnesium (Epsom salt) and is more 
laxative than the others. It will be found useful in constipation, 
plethora of tha abdominal viscera, hemorrhoids, obesity, gout 
and rheumatism. The oxide of alumina is of no value. In 
crystalline form it is the gems, sapphire, ruby, oriental emerald, 
oriental topaz and oriental amethyst. 

The properties of the other subtances are described above. 


ALMA, MICH., June 23, 1889. 
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TORNADOES IN KANSAS. 


STATE TORNADO CHARTS.—KANSAS. 
By LIEUT. JNO. P. FINLEY, SIGNAL SERVICE, U S. A. 


TABLE I.—T7'ornadoes in Kansas. 


Period of observation, 30 years, 1859-1888, 

Total number of storms, 182. 

Year of greatest frequency, 1881,— 22 storms. 

Average yearly frequency,— 13 storms. 

Year in past (10) ten years no report of storms,— none. 
Month of greatest frequency, May,—48 storms. 

Day of greatest frequency, May 30th,— 10 storms. 

Hour of greatest frequency, 3 to 4 P. M. 

Months without storms, January, October and December. 
Prevailing direction of storm movement, NE. 


tegion of maximum storm frequency, central and eastern portions. 
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TORNADOES IN INDIAN TERRITORY. 


STATE TORNADO CHARTS.—INDIAN TERRITORY. 





By LIEUT. JNO. P. FINLEY, SIGNAL SERVICE, U. S. A. 





TABLE I.—Tornadoes in Indian Territory. 


Period of observation, 14 years, 1875-1888. 

Total number of storms, 21. 

Year of greatest frequency, 1885,—4 storms. 

Year in past ten (10) years no report of storms, none. 

Average yearly frequency, 1.5. 

Months of greatest frequency, April and May,—7 storms each. 

Days of greatest frequency, April 20, 25, and May 26, 28,—2 storms 
each. 

Hour of greatest frequency, 6:30 to 7 P. M. 

Months without storms, January, February, September, October and 
December. 
Prevailing direction of storm movement, NE. 
Region of maximum storm frequency, Eastern and south Central. 
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SAUSSURE ON THE USE OF THE SLING PSYCHROMETER. 





The first recorded observations with the wet bulb thermome- 
ter, whirled or slung rapidly around the head of the observer, 
are those by Saussure in 1788, on the Col du Géant. From these 
has resulted the modern use of the sling psychrometer. 

The following is a translation by Sergeant G. E. Curtis of 
the original remarks of Saussure extracted from “Voyages dans 
les Alpes, 8vo., 1796, Chapter VIII.” 

Evaporation. pp. 488-449. 

2063. Whenever water evaporates slowly, the cold produced 
by its evaporation is almost imperceptible and consequently the 
differenee of temperature, which in proportion to its amount is 
able to affect the density of the air, will be quite inappreciable. 

In order to make this cooling and these differences sensible 
we must accelerate the evaporation. But as I wish to make 
these experiments in the open air, I cannot employ fer the accel- 
eration either heat or an artificial dryness. There remains, then, 
only the rapidity of renewing the air of which I can make use 
for my purpose. 

Happily, this means has succeeded very well. 

I fixed the bulb of a thermometer in the center of a wet sponge, 
and then suspending the thermometer by a string, whirled it 
through the air with great velocity. In this way I obtained 
a fall of temperature amounting at times to eight degrees, 
Reaumur, a quantity much larger than those that have been 
obtained by other processes and more than sufficient to mani- 
fest the influence of agents capable of modifying the cooling. 
But I ought to give my process in detail for the benefit of phy- 
sicists who may wish to repeat or improve on these experiments. 
The frame of the thermometer chosen for the experiment ought 
not to extend further than an inch above the bulb, because 
whenever the sponge touches the frame, the latter raises its 
temperature about two or three degrees. The other end of this 
frame ought to have a ring ora solid hook to which can be 
attached a string of at least a twelfth of an inch in diameter. I 
make this string of such a length that the distance from the cen- 
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ter of the circle which it describes in whirling to the middle of 
the thermometer bulb, is just thirty inches. At first I held this 
string by the hand, but the friction that the cord undergoes in 
whirling against the fingers holding it, wore it so fast, that one 
day it broke during the experiment, the thermometer went off 
on a tangent, rose to a great height and was broken in its 
descent. 

Since then I have used an iron swivel. This consists of a 
handle that I hold in my hand, and an arm three inches long 
which turns freely and at right angles with the end of the han- 
dle. The string is fixed toa ring which is at the end of this 
arm. The friction then takes place on the metal, and conse- 
quently the string does not become worn and is in no danger of 
breaking. 

To determine the velocity with which the thermometer turns, 
I have endeavored to give it as many revolutions in a minute as 
I am able, that is about 140. Thus, the thermometer bulb trav- 
erses in a minute 140 times the circumference of a circle five 
feet in diameter; this gives it a velocity of thirty-six to thirty- 
seven feet per second. 

But before beginning the experiment, it is necessary to know 
the temperature and humidity of the air in which the experiment 
is to be made. For this purpose I have another thermometer, 
also of small bulb and uncovered, and whose readings agree with 
the one to be swung. 

I suspend this thermometer with a hygrometer in the open 
air on a small post very near the place where I am about to 
make the experiment and at such a height that the thermometer 
bulb and the hygrometer are at the level of my head while 
swinging the sling thermometer. 

When this thermometer that I call “stationary” has attained 
the air temperature, I begin to whirl the sling thermometer, 
but at first entirely uncovered and dry, in order to ascertain the 
average temperature of the air which it meets in its revolutions; 
this temperature sometimes differs a little from that of the sta- 
tionary thermometer and I record it as well as that of the sta- 
tionary thermometer, 
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I then place the bulb of the sling thermometer in a small 
sponge in which I have made a hole for receiving it and in such 
a manner that the bulb rests in the center of the piece of sponge; 
I tie the sponge with a string above the bulb. 

The sponge thus tied and entirely soaked with water ought to 
have the shape and size of a sphere, 10 to 11 lines in diameter. 
This done I heat or cool the wet sponge until the temperature 
of the bulb attains precisely the same point which it would 
have by turning entirely uncovered through the air. 

At the moment when the temperature is stationary at this 
degree, I whirl the thermometer with the velocity that I have 
determined and stop it an instant, first every minute, then every 
half minute, to observe its rate of cooling. I continue the whirl- 
ing until the temperature begins sensibly to rise, the lowest point 
that it has attained is therefore that which indicates the amount 
of cooling produced by evaporation. At the moment when the 
experiment is finished I observe the hygrometer and the sta- 
tionary thermometer in order to take account of the change 
which may have taken place in the air during the experiment. 

I ought to say further that when the wind blows, one must 
place himself so that the plane of the circle described by the 
thermometer may be parallel to the direction of the wind, be- 
cause then there is a compensation; if the relative velocity of 
the thermometer is greater whilst it goes against the wind it is so 
much the less when it moves in the same direction with it. By 
taking all these pains we obtain such an exactness that if any- 
body repeats the experiments several times under the same cir- 
cumstances he will obtain results of which the differences will 
not be over two-tenths of a degree. 

Results of experiments made on the Col du Géant with the 


thermometer fournant: 


| | 
, 
Thermom-| Differ- ees Absolute Differ- 
eter. ences | grometer Dryaess. ences. 
| 


Jerree ; 
] ceree Differ- 
Cooling ences. 


57.0 6.7998 
58.0 6.6785 0.1213 
2.3286 | 4.3199 
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tesults of the same experiment made at Geneva: 


~adi i ecree P 
Reading of absolute | Difter- | Peeree —— pitter- 
grometer,| Dryness. | ences. | Coolings | ences. 


Thermom- Differ- 
eter. ences 


51.0 
70.8 D695 2.9093 


91.2 ‘ 3.4871 





If in these experiments we regard the cooling as a measure of 
the evaporation and apply the same calculation to these results 


as has been done for evaporation of still water, calling x the 
amount of evaporation or the cooling produced by a degree of 
heat and y the quantity produced by a degree of dryness, we 


shall find: 


On the mountain a = .780 
In the plain 


We see at once in these experiments, as in the preceding, that 
the effect of heat is very much greater on the mountain than in 
the plain. But what is most remarkable is that, on the mount- 
ain as well as the plain, the action of dryness, compared with 
that of heat, is much greater in this accelerated evaporation than 
in evaporation from still water. 

In the latter case we obtained on the mountain # = 4.188 and 
y = 1.386, and consequently the effect of dryness was only a 
third of that of heat. Whereas in the accelerated evaporation, 
where x = 0.780 and y = 0.725, these two differences are nearly 
equal. 

Likewise in evaporation, from still water on the plain, we had 
x = 1.938 and y = 2.775; consequently the influence of dryness 
did not exceed a third that of heat, whilst in the accelerated 





* This column shows that the greatest cooling that I have obtained at Geneva by this 
process is only 8.1. But we know that at Benares the evaporation of water from a vessel 
of porous earth exposed to a dry wind causes the temperature of the water to fall from 
100 to 58 degrees Fahrenheit or from 30 2-9 to 16 of the Reaumur scale, This is « cooling 
of 142-9 R.; but it is attained by starting from a very high temperature and, perhaps, 
also from an extreme degree of dryness.--Phil. Trans, 1793, p. 130. 
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evaporation, when a = 0.151 and y = 0.799, the influence of dry- 
ness is five times as great. 

We can, therefore, assert that whether on the mountain or the 
plain, when the air is renewed with a velocity of 36 to 37 feet 
per second, the influence of the dryness of the air on the evapo- 
ration becomes almost three times what it is when the same air 
is quiet. The reason of this fact is not difficult to comprehend. 
In quiet evaporation, the layer of air next to the body in which 
the water evaporates absorbs the vapors arising from it and so 
soon loses the advantages of its dryness. 

But when this air is renewed, its opportunity to become humid 
is diminished, and the more rapidly it is renewed the less is the 
opportunity afforded; thus the effect of its dryness is increased. 
Another observation that had escaped me, but has not escaped 
M. Trembley, to whom I have communicated these results, is 
that the acceleration of the motion diminishes the advantages 
which dense air has over rare air with respect to dryness. 

I will explain myself. 

The dryness of the air always increases the evaporation to a 
greater extent in the plain than on the mountain. But when 
the air is violently agitated this superiority of the air is dimin- 


ished, and the effect of dryness approaches more of an equality 


at the two stations. This phenomenon is entirely in accordance 
with those that have already been mentioned. 

In short, we have seen that the density of the air increases 
the effect of its dryness. Now the air is compressed at the front 
of a body which strikes it or which it strikes, and this com- 
pression is proportionally greater in rare air than in dense air; 
for example, if the densities of two columns of air are in the 
ratio of two to three, the same force which will double the den- 
sity of the first, will increase the density of the second by only 
two-thirds, whence their densities will become respectively four 
and five; thus the more these columns of air are compressed the 
more nearly equal will become their densities. 

Accordingly, as the motion is more rapid, the more nearly 
will the effect of dryness on the mountain equal that on the 
plain. 
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ATMOSPHERIC ECONOMY OF SOLAR RADIATION.* 


By ARTHUR SEARLE, WITH COMMENTS BY PROFESSOR FERREL. 

The terrestrial atmosphere acquires energy from the solar 
radiation by direct absorption, by the absorption of terrestrial 
radiation, and by conduction from terrestrial solids and liquids. 
It loses energy in three corresponding ways; by radiation into 
space, by downward radiation, and by conduction. 

As some time must elapse between the acquisition and the 
loss of any given amount of energy, the air always contains a 
certain accumulated store of activity resulting from the solar 
radiation, and manifested in warmth, expansion, and movement. 
It is a general and apparently well founded belief, the reasons 
for which need not here be repeated, that terrestrial tempera- 
tures are maintained to a great extent by the aid of this atmos- 
pheric accumulation of energy; so that a far lower temperature 
would. prevail in the absence of the air. The hypothesis which 
has been current until recently with regard to this protective 
action of the atmosphere depended upon a supposed effect of 
selective absorption, which has now been largely, if not entirely, 
disproved by Langley’s experiments. The supposition, indeed, 
was always somewhat difficult to reconcile with the familiar fact 
that celestial bodies appear redder at a small than at a great 
altitude; since, so far as the visible spectrum is concerned, this 
proved that among the constituents of the atmosphere there 
were some, abounding in its lower strata, which absorbed radia- 
tions of small wave-length more readily than the others. Hence 
it did not seem probable that the radiation from terrestrial sub- 
stances the temperature of which was far below red heat would 
be absorbed by the air with peculiar readiness, and thus pre- 
vented from escaping into space. This reasoning, however, 
could not be conclusive, and actual experiment was required to 
overthrow the assumption that the air was much more transpar- 
ent to solar than to terrestrial radiation. 

As we are now obliged to abandon this assumption, it is nat- 





*From the Proceedings of the American Academy. 
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ural to inquire whether the known phenomena of conduction 
will suggest a better explanation of the protective action of the 
atmosphere than can be afforded by the observed laws of 
absorption and radiation. By conduction, fluids acquire heat 
most readily when hot bodies are applied to their lower surfaces, 
in consequence of the convection currents thus established. On 
the other hand, the application of cold bodies to their lower 
surfaces, as it does not originate such currents, withdraws their 
heat only by the much slower process of conduction through 
their own substance, 

Hence, an undisturbed atmosphere will acquire heat more 
readily by contact with warm ground than it loses heat by con- 
tact with cold ground. Part of the heat thus acquired might 
have been conducted to adjacent portions of the ground in the 
absence of the atmosphere, but another portion would have 
been directly radiated into space. It now becomes a question 
whether the atmosphere thus heated will discharge its recently 
acquired energy by radiation into space as readily as the ground 
would have done in the absence of an atmosphere. 

Without undertaking to decide this question, it will here be 
assumed that the heat acquired by the atmosphere from warm 
ground will not be radiated as readily as it would have been 
radiated by the ground itself. Since it will not be readily lost 
by conduction, in the absence of violent agitation of the air, for 
the reason already given, the hypothesis seems admissible that 
it tends to accumulate, and to increase the stock of energy con- 
tained in the atmosphere much more efficiently than can be 
done by the processes of absorption and radiation. 

If we admit the existence of this tendency, we have next to 


consider what natural provision can be suggested for checking 
its effects when they have attained a certain magnitude; for it is 
obvious that they do not increase indefinitely. If we suppose 
atmospheric energy to be manifested only as heat, its accumula- 
tion would ultimately be checked by an increasing radiation 


from terrestrial solids and liquids; if manifested only by expan- 
sion, it is perhaps possible that portions of the atmosphere 
would be driven off into space, carrying away the energy 
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mechanically; but a more immediate check is afforded by that 
portion of the accumulated energy which displays itself as 
atmospheric movement. When the winds have attained a cer- 
tain degree of violence, they disturb the portions of the air 
which would otherwise remain stagnant over the colder parts of 


the ground, and the process of heating the atmosphere from 
beneath gradually ceases to retain sufficient advantage over that 
of cooling it from beneath to permit a further accumulation of 
energy. 

If a permanent increase should take place in the amount of 
solar radiation, it is clear, upon the present hypothesis, that 
some time would elapse before the increasing agitation of the 
atmosphere put an end to the increase of its energy. The 
stock of atmospheric energy in general, and that part of it 
manifested as heat, would thus be permanently increased. The 
terrestrial temperature would be raised, tempests would be more 
frequent and severe, and the entire atmosphere would probably 
occupy more space. 

On the other hand, a permanent diminution in solar radiation 
would tend to diminish the agitation of the air, and, although 
the terrestrial temperature would decline, this loss of tempera- 
ture would not be so great as that which would have occurred if 
the winds had maintained their previous force. The atmos- 
phere, accordingly, acts as a check upon extreme variations of 
heat and cold; when little heat is received, it will be better 
economized than when the supply of heat is excessive, although 
particular regions may have, in the former case, a very severe 
climate. 

The observed association of extreme cold with still air, and the 
greater violence of tempests in the heated portions of the world, 
on the whole, are among the facts tending to support the hypo- 
thesis above explained. 

In the present discussion, the consequences resulting from 
the compressibility of the atmosphere have thus far been 
neglected, and what has been said above would be equally appli- 
cable to an atmosphere wholly incompressible. But in such an 
atmosphere the distribution of heat would materially differ from 





176 American Meteorological Journal. 


that actually observed. As a convection current rises, the air 
composing it expands, from the removal of pressure, and its 
energy largely ceases to exhibit itself as heat. Under these 
circumstances, the solid and liquid: particles carried up with it 
are reduced in temperature, and made less capable of radiation 
into space than before. It may likewise be supposed, indeed, 
that the expanded air itself will have its previously small capac- 
ity for the discharge of its energy into space still further dimin- 
ished. The additional tendency to retain energy, thus sug- 
gested, would demand more consideration if the discharge were 
effected by any process of the nature of conduction; that is, if 
the outer surface of the atmosphere were chiefly instrumental 
in the process. In this case, the expansion of the ascending air 
would be a highly important means of delaying the escape of 
energy received by conduction from warm ground; and an in- 
compressible atmosphere might not in any considerable degree 
protect the planet which it surrounded. 

However slightly the expansion of ascending currents may 
check the escape of energy, it is certain that the subsequent 
descent of the air composing them must exhibit more and more 
of its remaining energy in the form of heat. This phenomenon 
is generally recognized by recent writers upon meteorology, and 
there can be little doubt that it powerfully affects the relative 
climates of places at different altitudes. The climate of an ele- 
vated region is colder than that of the sea-level, because a 
smaller part of the atmospheric energy appears there as heat, 
and a larger part as expansion. Whether this is a sufficient 
explanation of the observed difference of climate can scarcely be 
determined until we have more knowledge with regard to the 
actual extent and velocity of the convection currents of the 
atmosphere. 

The considerations abové set forth indicate the conclusion, 
that the effect of conduction, aided by convection currents, is 
probably an important means of maintaining the present terres- 
trial temperature, as well as the present distribution of warmth 
in different latitudes and at different elevations. If this conclu- 
sion should hereafter find a more satisfactory basis in observa- 
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tion and experiment, it would have some interesting applications 
to the climate of the larger planets. Their extensive atmos- 
pheres, subjected to a powerful force of gravitation, may perhaps 
enable them to economize very efficiently the comparatively 
small quantity of solar radiation which they receive. Another 
branch of inquiry connected with the same general subject 
relates to the conditions of temperature in different parts of the 
ocean. The atmospheric and oceanic currents prevailing in 
former times are also frequently discussed by geologists. If 
the atmospheric convection currents have the effects here attri- 
buted to them, they may help to account for some of the unex- 
plained phenomena of prehistoric climates, the evidences of 
which have remained to the present day. 


PROFESSOR FERREL’S COMMENTS. 


The principal point in Mr. Searle’s paper seems to be that 
heat is transferred by conduction and convection from the 
earth’s surface up into the atmosphere, which, at least when 
pure and dry, is a comparatively poor radiator, and so the earth 


is kept at a higher temperature than it otherwise would be, 
since the heat does not escape with the same facility as it would 
if radiated directly from the earth’s surface through the atmos- 
phere. This he regards as an assumption merely, but I think 
it is correct, and the effect, as far as it goes, as stated. I do not 
think, however, that there can be much effect from this circum- 
stance, for the capacity of the air for heat being very small, 
especially by volume, the heat carried away directly from the 
earth’s surface is very small, the greater part being that in the 
form of latent heat in the vapor of the atmosphere. This heat 
is absorbed at the earth’s surface in evaporation and disengaged 
again in condensation up in the atmosphere at different alti- 
tudes, where it is radiated with less facility, by direct radiation 
than from the earth’s surface. It is, however, radiated above a 
considerable part of the atmosphere, and so escapes through 
the balance with greater facility than it would from the earth’s 
surface, and so this in some measure counteracts the protective 
effect arising from the less facility of escaping from. the earth 
12 
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into space. The whole amount of heat conveyed away from the 
earth’s surface in the form of latent heat, is perhaps about one- 
tenth of that received from the sun and absorbed, and so radi- 
ated again into space. If this one-tenth part only has a little 
less facility for escaping into space than it would have if radi- 
ated directly from the earth’s surface, I do not think that the 
protective effect can be very much. 

Mr. Searle assumes, as has usually been done, that the earth’s 
mean temperature would be much lower than it is, if it were not 
in some way protected by the atmosphere; but this, in the pres- 
ent state of our knowledge with regard to the laws of radiation 
and absorption, is by no means certain. Knowing the true 
value of the solar constant and the law of radiation, we can 
readily determine what would be the temperature of a body 
with a lampblack surface, or rather with a surface which is a 
perfect absorber, placed at the distance of the earth from the 
sun; for we have only to determine the temperature which it 
must have to radiate as much heat into space as it receives from 
the sun. With a solar constant of 2.5, and even one consider- 


ably greater, Dulong and Petit’s law would make the tempera- 


ture of that body fall considerably below the mean tempera- 
ture of the earth, and so it would need some protective effect 
from an atmosphere to keep it up to this temperature. But by 
Stefan’s more recent law, the body, with a solar constant of 2.5, 
would stand at a temperature considerably above the mean tem- 
perature of the earth, and so it would not need a protecting 
atmosphere to keep it up to this temperature. 

With the old idea of equality of the relative radiativities and 
absorptivities of bodies at all temperatyres for each of the rays 
of different wave-lengths, what is stated above with regard to a 
body which is a perfect absorber would be true of all bodies, 
and so of the earth, but we now know that this equality takes 
place only where the radiator and absorber have the same 
temperature. With the earth receiving mostly the rays 
of the shorter wave-lengths from the sun, and radiating mostly 
rays of the longer wave-lengths, we might conceive such an 
arrangement of selective absorption and radiation that the 
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mean temperature of the earth would be what it is even by Du- 
long and Petit’s law without a protecting atmosphere. This, for 
instance, might be the case if the earth’s surface were of such a 
nature, say, as to absorb nearly as many of the shorter wave- 
lengths as a lampblack surface, and to radiate less than half as 
many as such a surface of the longer wave-lengths. But if the 
radiations and absorptions for all wave-lengths were in the 
same proportion to those of a lampblack surface as one-third 
or one-half, or, in other words, if there was no selective absorp- 
tion or radiation, then the temperature of the body would be the 
same as that with a lampblack surface. 

In the present state of our knowledge, therefore, with the un- 
certainty of the law of radiation deduced ‘from higher temper- 
atures only, in its application to lower temperatures, we cannot 
say whether the earth needs any protection from an atmosphere 
to keep it up to its observed mean temperature. 

Wm. FERREL. 


CORRESPONDENCE. 
A STATIONARY DUST-WHIRL. 


To rHE Epitrors.—In reading in the June number of the 
JourNAL of M. Faye’s whirlpool theory of storms, I am re- 
minded of a curious phenomenon which I did not witness, but 
which was described to me by a friend for whose reliability I 
can vouch. It happened in the village of Portland in this state, 
about 12 or 14 years ago. I can not quote my friend’s exact 
language, but will describe it as nearly as possible as he de- 
scribed it to me. My friend said that on a hot, dry, still and 
cloudless summer day he was standing on the sidewalk in the 
said village of Portland looking at the dusty street, when he saw 
a little commotion in the dust a few yards in front of him. 
Looking at it closely, he saw that a little whirlwind had just 
started in the dust and he expected to see it move off along or 
across the street, but to his surprise it did not do so but contin- 
ued in the same spot. The dust commenced to rise and assume 
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the form of a funnel which stood straight up and the apex re- 
mained in the same spot while it spun around !ike a top. The 
dust raised higher and higher until it reached a height, he 
thought, of 200 or more feet, and then the whirlwind seemed to 
gradually die out at the bottom while the dust over head con- 
tinued for a little while to move around in a large circle, but 
finally, after two or three minutes, it all died out and the dust 
settled down again. The only thing strange or interesting about 
it is the fact that the- apex of the little whirlwind did not pro- 
gress in any direction, but remained perfectly stationary while 
it lasted. My friend’s theory was that the whirlwind commenced 
in the dust of the street and gradually rose, which theory, if 
correct, would go a little way to disprove M. Faye’s whirlpool 
theory. But there is no certainty that my friend’s theory is the 
correct one, for if it was a whirlpool which started above and 
the apex descended, as there was no clouds, mist or dust in the 
atmosphere to form a visible funnel, there was nothing to at- 
tract attention to it until the apex reached and disturbed the 


dust of the street. WaRREN HopkKINs. 
Algonac, Mich., June 25 ,1889. 








CURRENT NOTES. 

Tue JupGEs OF THE TorNADO Essays.—We take pleasure in 
announcing that Professor Davis of Harvard University, Pro- 
fessor Ferrel and Dr. Mendenhall, superintendent of the Coast 
Survey, have consented to act as judges of the tornado essays. 
We think the competitors may feel well assured of competency 
and impartiality on the part of these gentlemen. 





HIMMEL UND ErpvE.—This is the title of a new popular scien- 
tific monthly journal of most unusual merit. The tenth num- 
ber (for July) contains an article on the advance in selenogra- 
phy by Dr. Weinek, the conclusion of one on the recent theo- 
ries of atmospheric electricity by Professor Sohncke, an article 
on the zodiacal light, by Mr. O. T. Sherman, and one on the 
Norwegian North Sea Expedition by Professor Mohn. In 
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addition to this it has many shorter communications and biblio- 
graphical notes. The Journal is exquisitely gotten up, is finely 
illustrated, and contains monthly 64 pages. We can commend 
it to those of our readers who enjoy science in the German lan- 
guage. 

A DIFFERENTIAL BAROMETER FOR ALTITUDES.— Director 
Cruls, of the imperial Brazilian observatory at Rio Janeiro, has 
invented a differential barometer which is of a novel character. A 
U-shaped tube has each arm terminate in an air-tight box of known 
capacity, provided with a stop-cock. If the U be partially filled 
with a suitable liquid and both cocks are opened, the height of 
the liquid in the two arms will be the same. If now the cocks 
be closed, and the instrument be taken to a station of different 
elevation and only one of the cocks be opened, the closed box 
will retain the air-tension of the first, the open, that of the 
second stratum. The level of the liquid will now be different in 
the two arms by a height which will depend on the difference of 
pressure at the two stations. 

A light liquid, like water, can be employed, and yet the instru- 
ment may be kept of convenient size. If the stop-cocks are 
small, they may be opened alternately, each just long enough to 
partially equalize the difference of pressure in the boxes. With 
each opening, the level of the ends of the liquid colamns is to 
be read off, and the sum of the differences measures the differ- 
ence in pressure. 

LocoMoTIVES AND MoiIsTuRE.—A correspondent of the North- 
western Railroader advances a curious theory for the increasing 
prevalence of floods and rain-storms. He says that there are 
over 30,000 locomotives in use in North America, And estimates 
that from them alone over 53,000,000,000 cubic yards of vapor 
are sent into the atmosphere every week to be returned in the 
form of rain, or over 7,000,000,000 cubic yards a day,—‘quite 
enough,” he says, “to produce a good rainfall” every twenty- 
four hours. Estimating the number of other non-condensing 
engines in use as eight times the number of locomotives, the 
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total vapor thus projected into the air every week in this country 
amounts to over 470,000,000,000 cubic yards. 

Thus says Public Opinion: It is a clever idea, but what does 
its inventor mean by a “cubic yard of vapor”? A cubic yard 
of vapor in the boiler and piston is one thing, in the free air at 
temperature 70° it is another, and at temperature zero, still 
another. If instead of vapor we take the water from which it 
is made, we will easily see that the “shower of rain” per day 
would not well water a county. The water used by a locomo- 
tive in a run of 50 miles would barely well wet down a small 
lawn, and that employed in a run of 1,000 miles would hardly 
serve to keep a five acre lot in good condition. If the steam 
from 240,000 steam engines were confined to an area a few miles 
square, it might, if other conditions were favorable, cause a 
shower every day, but when it is given off over half of North 
America, its results in increasing the humidity would be so 
small as to utterly escape detection. 

THE Cuamsin.*—Dr. Schneider spent two years at Ramle, near 
Alexandria, in Egypt, and while there made a study of the 
Chamsin, a hot wind so-called frem its occurrence during about 
fifty days in the spring. Its season falls in the period of about 
fifty days from the latter half of March to the early part of May; 
only within this time is the desert wind felt frequently in lower 
Egypt, though it occurs sometimes at later dates. The fre- 
quency and duration of its visits within the above period are 
not fully determined, but from four to six Chamsins are com- 
monly noted in every season. The wind usually lasts three days, 
whence the saying, “it comes one day, it stays one day, and it 
goes one day.” During the daytime, it blows briskly and stead- 
ily, but weakens generally at night. Its source is in the desert, 
as is indicated by its direction from the southeast or south south- 
east. Its temperature is less than that of the Samum (simoom ): 
the latter has been recorded as 132° F. in the desert; but the 


former has a maximum of 110° at Cairo and of 105° at Alexan- 








* Notes from an essay on “Der Chamsin und sein Einfluss auf die niedere Thierwelt,” 
by Dr. Uskar Schneider; Festschrift, Verein fiir Erdkunde zu Dresden. 1888, 93-113. 
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dria. This record shows that the Chamsin extends with but 
little diminished intersity to the coast of the Mediterranean. 

During the presence of the wind, the air is very dusty and the 
sun is obscured or hidden. Even when no wind is blowing, as 
shortly after a Chamsin, the “Chamsin air” is spoken of. Day- 
light is so far dimmed that Dr. Schneider suggests that the 
Biblical expression, “ Egyptian darkness,” may be derived from 
this characteristic feature of Chamsin days: but the only mod- 
erately dusty air of the Chamsin is not to be confused with the 
heavy clouds of dust that are carried in dust-storms or squalls. 
The Chamsin air seems to be electrified; for while the wind is 
blowing, the hands and face smart as if pricked with sharp 
needles. 

The Chamsin is one of those winds of uncertain relationship 
to which special attention may be profitably directed. From its 
oceurrence after dewy nights, from its relatively brief duration 
and semi-periodic occurrence, and from its similarity to the 
Sirocco, I am inclined to associate it with cyclonic winds; re- 


garding it as a member of the cyclonic indraft to which special 


characteristics are given by reason of the geographic peculiari- 
ties of its path. It may be noted than van Bebber ( Witterungs- 
kunde, ii, 279) describes a path frequented by cyclones in spring 
on the southern borders of Europe. If these cyclones cause the 
Chamsin, then we should expect to find a Sirocco in Tunis and 
southern Italy a day or so before a Chamsin was felt in lower 


Egypt. 


INTERNATIONAL METEOROLOGICAL ConGreEss.— The French 
Meteorological Society, wishing to profit by the presence of 
numerous scientists during the Exposition of 1889, decided to 
convoke an international meteorological congress at Paris, as it 
had already done in 1878. The committee on the organization 
of the Congress, composed partly of members of the Council of 
the Meteorological Society, has prepared a list of questions 
which can be advantageously discussed; it was decided that the 
Congress should be held at Paris, September 19-25, and that 
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each member’s assessment should be twelve francs, which also 
entitles him to the report of the papers presented, to be pub- 
lished after the Congress. 

French and foreign meteorologists interested are requested to 
inform the president of the committee as early as possible, of the 
subjects which they wish to discuss, as well as of new questions 
to introduce in the programme. 

The Committee of Organization has these officers: 

President. M. Renou, President of the French Meteorolog- 
ical Society, and Director of the Observatory of the Park of St. 
Maur, (address 7 Rue des Grands Augustins, Paris). 

Vice-Presidents. M.M. E. Becquerel, Daubrée, vice-admiral 
Cloué. 

General Secretary. M. L. Teisserene de Bort, General Secre- 
tary of the Meteorological Society. 

Treasurer. M. Angot, Titular Meteorologist at the Central 
Meteorological Office. 

Secretaries. M.M. Moureaux, Lasne. 

The following programme is proposed for discussion: 

Pressure. On the reduction of the barometer to sea-level. 
Verification of the relation between the velocity of the wind and 
the barometric gradient. 

Temperature. Comparison of observations made under differ- 
ent shelters with those made with the sling thermometer. 
Measurement of the decrease of temperature with height. Dis- 
tribution of solar heat over the globe. Secular changes of 
climate. 

Winds. Choice and graduation of anemometers. Results of 
the recent determination of the vertical component of the wind. 

Aqueous Vapor. Measurement of water in the liquid state 
suspended in the atmosphere. Precise measurement of evap- 
oration on different surfaces. 

Clouds. State of the cirrus observations in the various coun- 


tries. Measurement of the height of clouds. Photography of 

clouds. Classification of clouds and definition of nimbus. 
Precipitation. What progress has been made in the measure- 

ment of dew and very light rains. Distribution of rain on the 
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ocean. Studies of floods and warnings of them in the various 
countries. 

Influence of Cosmical Phenomena. Atmospheric tides, lunar, 
solar, etc. Influence of sun-spots on the meteorological ele- 
ments, Various lunar influences. 

Weather Forecasts. Investigations for the improvement of 
weather forecasts. 

Miscellaneous Phenomena. Measurement of the intensity of 
solar radiation; actinometry. Atmospheric polarization. Trans- 
parence of the atmosphere for the differet rays of the spectrum. 
Twinkling of stars. General optical phenomena. 

Magnetism. Relation of magnetic phenomena to earthquakes. 
Magnetic disturbances and sun-spots. Study of earth-currents. 
Magnetic observations at sea. 

Electricity. Discussion of methods of observing atmospheric 
electricity. Summing up the observations. Relation of elec- 
tricity to the other meteorological elements. Aurora borealis. 

Thunder-storms. Study of thunder-storms; recent progress 
in it. Barometric oscillation during thunder-storms. 

Applied Meteorology. Phenological phenomena as related to 
the meteorological elements. Migration of birds; appearance 


of insects. Applications of meteorology to agriculture and 


hygiene. 

CLIMATE OF PuEBLa, Mexico.—The interesting and attractive 
city of Puebla lies about 76 miles southeast of the city of Mex- 
ico, and 25 east of the voleano of Popocatapetl. It is 2167.75 
m. above the sea level, or at about the elevation of Santa Fé, in 
New Mexico. Meteorological observations have now been car- 
ried on in this elevated tropical city for 10 years, and from 
their discussion by Senor Enrique M. Cappelletti, S. J., in the 
Boletin Mensual, we are able to present some notes on the cli- 
mate of Puebla. 

The mean pressure is 594.2 mm. This reduced to sea level 
is 764 mm., about 2 mm. higher than is given for that region by 
Dr. Hann in his atlas. The oscillation of the barometer is slight, 
the entire range in the 10 years (1877 to 1886) being only 12. 9 
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mm. The barometer ranges highest in July instead of January 
as with us. Other Mexican stations have a similar barometric 
maximum, as the city of Mexico, Leon, Guanajuato, and Maz- 
atlan, but in all except Guanajuato it is the lesser of two annual 
maxima, the greater is in or near winter. ; 

The temperature undergoes but moderate change: the ex- 
treme maximum in 1878, was 34.7° C., the extreme minimum — 
1.7° C. in 1877. The maximum mean temperature falls in June, 
and the thermic seasons do not correspond exactly to the astro- 
nomic ones. The warmest season is in April, May and June, 
and in this peculiarity, Puebla is like other Mexican points, as 
can be seen in the following table in which the means are given 
in centigrade degrees: 

THERMIC SEASONS IN MEXICO. 


| Guana- 
Season. Months | Puebla Leon. Mexico. juato. 


Warmest |April, May, June. ......... scene 
Temperate|July, August, September 
” October, November, December! 16.3 
Coldest |January, February, March 


In the City of Mexico the maximum temperature falls in 
April. In Mazatlan, on the Pacific coast, and opposite Cape 
St. Lucas, the maximum falls in July, as with us. Mazatlan is 


in tierra caliente. 

From a study of the subject Sr. Cappelletti concludes that 
this advance of the summer into the months usually claimed by 
spring is characteristic of Mexico outside of the tierra caliente. 
This is very interesting as it is the reverse of what happens in 
the northeastern states, especially in the region of the great 
lakes, where winter lingers in the months nominally vernal. 

The reason of this advance of summer is, we think, not far 
to seek. The region in question would have its highest temper- 
ature, naturally, about or soon after the sun passes through its 
zenith, but in this case the heavy rains occur about the same 
time. There is comparatively little rain until June, but from 
then until October the rains are abundant and often heavy. The 
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advancing maximum of temperature is cut off by the heavy 
rains and consequent evaporation. It is probable that farther 
study of the problem will show that the advance of the summer 
is not so noticeable north of Zacatecas, where the summer rains 
are not so marked. Also, probably a similar advance of sum- 
mer will be found in all northern sub-tropical regions where the 
summer rains are heavy. Sr. Cappelletti suggests some relation 


oJ 


between the prevailing easterly upper air currents in summer 
and the cooler summer weather. These upper air currents are 
said to be variable until July. We fancy that the summer rains 
may depend more or less on them and so the relative coolness of 


the summer months, but the latter only through the former. 

The relative humidity is very variable, the lowest observed is 
0.07, the highest 0.99; the mean is 0.57. The rainfall has aver- 
aged 1.2 meters, of which about three-quarters falls from June 
to September, inclusive. The rains are sometimes excessively 
heavy, for a brief time, and seem to be derived from local rather 
than general storms. In 1887, the rainfall was 2™.5, more than 
twice the average. The midsummer lull of precipitation, to be 
expected here, is scarcely, if at all, appreciable at Puebla. Ab- 
solutely clear days are not especially common here, the average 
being only 41 in the year, or less than one a week. 

Sr. Cappelletti ends his discussion by the suggestion of a law 
“that when the barometer and thermometer run parallel, both 
rising or both falling, in the traces of monthly or annual means, 
it is evidence that unusual meteorological phenomena will 
follow.” He iustances the parallelism of the traces for 1882 and 
1883 at Puebla, followed in 1884 and 1885 by unusual tempera- 
ture disturbances and rains, and notes that the parallelism of 
1885 and 1886 was followed by even more unusual phenomena 
in 1887, not ended apparently when his report was drawn up. 

Repertorium FUR Metreoro.oaie Banp XI, Sr. Perers- 
BURG, 1888.—This seems to be an interpolation volume in the 
series which has biennially received an addition; for it was 
only the previous year that volume X appeared, and there have 
already been issued most of the separate parts of volume XII. 





188 American Meteorological Journal. 


Or, are Director Wild and his assistants preparing so many im- 
portant papers that hereafter we may expect annual volumes in 
the Repertorium series? If so they will be gladly welcomed 
by the meteorological world. 

The present volume is of unusual interest to meteorologists, 
for, unlike most of the numbers which usually have about half 
the space given to discussions of magnetic observation, it is 
almost entirely devoted to meteorology. 

The following is the table of contents: 

No. 1. B. Sresnewskij —The mean distribution of air pres- 
sure in European Russia for 1881-1885, (with three charts). 
70 pages. 

No. 2. M. Rykatschew— The distribution of wind and of 
air pressure on the Caspian Sea (with 6 charts). 61 + XXXVI 
pages. 

No. 3. A. Schénrock—The Thunder-storms of Russia in 1885 
(with one plate). 37 pages. 

No. 4. H. Abels — Re-organization and work of the Meteor- 


ological-Magnetic Observatory at Katherinenburg in 1885 and 
1886. 62 pages. 
No. 5. W. Friedrichs — Investigation of the capabilities of 
action of a Richards Thermograph (with 2 plates). 41 pages. 
No. 6. B. Kiersnowsky —On the question of predicting the 
temperature minimum. 15 pages. 


No. 7. W. Dubinski— Comparison verification of two ane- 
mometers at Hamburg (Deutsche Seewarte) and at St. Peters- 
burg (Central Phys. Obs.). 16 pages. 

No. 8. A. Schonrock — On the method of computation and 
the reliability of mean air pressure from aneroid barometers. 
16 pages. 

No. 9. P. Brounow — Comparison of normal barometers of 
some of the most important meteorological institutes of Europe 
(1 plate). 17 pages. 

No. 10. W. Friedrichs — Investigation of the capabilities of 
action of a Richards Barograph (1 wood-cut). 32 pages. 

No. 11. R. Rosenthal — The wind-relations at St. Petersburg. 
30 pages. 
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No. 12. A. Schénrock —Contribution to the study of thun- 
der-storms in Russia (1 plate). 18 pages. 

No. 13. E. Berg — The significance of the absolute humidity 
for the origin and movement of thunder-storms (1 plate). 19 
pages. 

No. 14. H. Wild — On the winter Isotherms of East Siberia 
and the increase of the temperature with the elevation for these. 

Minor communications: 

I. M. Marks — Climate of Enisseisk according to 12 years 
observations, 1871-83—page 1. 

II. A. Schénrock — Contribution to the verification of pocket 
aneroids under the air-pump—page 27. 

III. A. Schénrock—On the question of the definition of “Sil- 
ver-thaw ” (Rauhfrost) and “ glazed-frost ” (Glatteis )}—page 36. 

{fV. H. Abels —The elevation above sea-level of the barome- 
ters of some meteorological stations in West Siberia—page 43. 

V. R. Bergmann — The travel journal of Ferdinand Von 
Wrangell for the winter 1823-24—page 49. 

The papers on the Richards Barograph and Thermograph, 
the comparison of the Combe’s anemometer testers at Hamburg 
and St. Petersburg, reliability of aneroid barometers, and the 
international comparison of normal barometers, are most impor- 
tant additions to our knowledge of meteorological apparatus. 
In no place is more careful work done, in the way of the study 
of meteorological and magnetic instruments, than is carried on 
at St. Petersburg and Pawlowsk under the direction of Profes- 
sor Wild, and if any such investigations can be considered au- 
thoritative, we know of none that can be more safely relied on 
than those published from time to time in the “ Repertorium.” 
The only objection that can be urged against these St. Peters- 
burg investigations is, that relations observed at such a high 
latitude (60°) are not always found to be identical with those 
of the lower latitudes where most of the meteorological obser- 
vations are made. 

So few of these “ Repertorium” volumes come to America 
that it is probably not generally known to our meteorologists 
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that either the complete volumes or the single papers can be 
obtained through the authorized agent, Voss’ Sortiment (G. 
Hassel) in Leipzig, or they may be ordered through book im- 


porters in this country. 

Detailed reviews of some of the papers found in the present 
volume will probably be given in future numbers of this 
journal. F. WALDO. 


toyAL METEOROLOGICAL SocrETy.—The usual monthly meet- 
ing of this Society was held on Wednesday evening, May 15, 
at the Institution of Civil Engineers, 25 Great George Street, 
Westminster, Dr. W. Marcet, F. R. S., President, in the chair. 

Mr. T. H. Hall was elected a member of the Society. 

The following papers were read: 

1. “Account of some experiments made to investigate the con- 
nection between the Pressure and Velocity of the Wind,” by Mr. 
W. H. Dines, B. A., F. R. Met. Society. These experiments 
were made for the purpose of determining the relation between 
the velocity of the wind and the pressure it exerts upon obsta- 
cles of various kinds exposed to it. The pressure plates were 
placed at the end of the long arm of a whirling machine, which 
was rotated by steam power. The author gives the results of 
experiments with about twenty-five different kinds of pressure 
plates. The pressure upon a plane area of fairly compact form 
is about 14 lbs. per square foot ata velocity of 21 miles per 
hour, or, in other words, a pressure of 1 lb. per square foot is 
caused by a wind of a little more than 17 miles per hour. The 
pressure upon the same area is increased by increasing the peri- 
meter. The pressure upon a } foot plate is proportionally less 
than that upon a plate either half or double its size. The pres- 
sure upon any surface is but slightly altered by a cone or arm 
projecting at the back, a cone seeming to cause a slight increase, 
but a rim having apparently no effect. 

2. “On an improved method of preparing ozone paper and 
other forms of the test, with starch and potassium iodide,” by 
Dr. C. H. Blackley, F. R. Met. Society. Some years ago the 
author made some experiments with the ordinary ozone test 
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paper, but found that the papers did not always give the same 
result when two or more were exposed under precisely the same 
conditions. He subsequently tried what reaction would take 
place between unboiled starch and potassium. iodide when 
exposed to the influence of ozone, but the difficulty of getting this 
spread evenly upon paper by hand so as to insure a perfectly 
even tint, after being acted upon by ozone, led him to devise 
a new method of accomplishing this. Briefly described it may 
be said to be a method by which the starch is deposited on the 
surface of the paper by precipitation, and for delicacy and pre- 
cision in regulating the quantity on any given surface leaves 
very little to be desired. 

3. “Notes on the Climate of Akassa, Niger Territory,” by Mr. 
F. Russell, F. R. G. 8S. This paper gives the results of obser- 
vations made from February, 1887 to October, 1888, at Akassa, 
which is the seaport and principal depot of the Royal Niger Co., 
and is situated at the mouth of the River Nun, in the Niger Delta. 

4, “Wind-storm at Sidney, New South Wales, on January 17, 
1889,” by Mr. H. C. Russell, F. RB. S. 


RoyaL METEOROLOGICAL SocteTy.—The last meeting of this 


society for the present session was held on Wednesday evening, 
the 19th of June, at the Institution of Civil Engineers, 25 
Great George Street, Westminster, Dr. W. Marcet, the Presi- 
dent, in the chair. 


Mr. F. J. Moss-Flower, Mr. A. H. Halder, Mr. R. A. Naylor, 
and Mr. C. B. Penlington were elected Fellows. 

Mr. W. Marriott gave a very graphic and interesting account of 
the recent thunder-storms which have prevailed over this country. 
On Sunday, June 2d, a thunder-storm passed across the coun- 
try in a northerly direction from Wiltshire about 3 A. m., and 
reaching Edinburgh by 10:44. It travelled at the rate of about 
50 miles an hour. It is possible that this storm traveled still 
further north and reached Kirkwall at 3:37 p. mM. A severe 
thunder-storm prevailed over the neighberhood of the Tweed 
between 11 a. M. and noon, and was accompanied by hail of 
very large size, some of the stones being 5 inches in circum- 
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ference. A very destructive storm occurred over the whole of 
the Northwest of England and South of Scotland during the 
afternoon, much damage was caused by lightning and very large 
hail fell over an extensivearea. Some of the hailstones meas- 
ured 7 inches in circumference and weighed 7 ounces. Dur- 
ing the night of the same day a severe thunder-storm pre- 
vailed over Norfolk, which was also accompanied by very large 
hailstones, some of which were 5 to 6 inches in circumference. 
On Thursday, the 6th, thunder-storms prevailed during the after- 
noon over the whole of the Southeast of England. That which 
passed over the Metropolis about 9 o’clock was remarkable for 
the brilliant and continuous display of lightning. During the 
same night and on the early morning of the following day a 
very destrugtive storm prevailed over the Eastern Counties, 
much damage being done by the lightning in the Northwest of 
Norfolk. Severe hail-storms occurred between 2 and 3 A. M. 
both at Margate and Ipswich. During the afternoon of the 7th, 
destructive thunder-storms prevailed over the whole of the 
Southern Counties, much damage being done by lightning, 
while at Tunbridge Wells there was a most remarkable hail- 
storm. One of the hail stones which was weighed was actually 
half a pound in weight. 

An interesting collection of over 40 photographs of light- 
ning taken during the storm of June 6th was also exhibited to 
the meeting, in addition to the sinuous, ribbon and meandering 
flashes of lightning, several photographs showed knotted, mul- 
tiple and dark flashes. The following papers were also read: 

“The Climate of British North Borneo,” by Mr. R. H. Scott, 
M. A., F. B.S. 

“On the Variation of the Temperature of the air in England 
during the period of 1849 to 1888,” by Mr. W. Ellis, F. R. A.S., 
F. R. Met. Soc. 

“ Atlantic Weather and Rapid Steamship Navigation,” by 
Mr. C. Harding, F. R. Met. Soe. 

“ Meteorological Phenomena observed during 1875-87 in the 
neighborhood of Chelmsford,” by Mr. Henry Corder. 

“ Rainfall in China, and Meteorological Observations made 
at Ichang and South Cape in 1888,” by Dr. W. Doberck, F. R. 


Met. Soc. 





S VEGAS HOT SPRE 
WU TALK OE DEL 
NEW MEXICO. 
eee 
HIS delightful health and pleasure resort is situated on the southern slope of 
the Santa Fe Range of the Rocky Mountains, at an elevation of nearly 7,000 
feet above the sea. The Springs, some forty in number, vary in temperature from 
very warm to entirely cold, and are very widely celebrated for their curative effects 
upon almost all forms of chronic disease. The bathing facilities are unequaled. 
The climate is unexcelled for clearness and brightness, and the proportion of 
sunny to cloudy days is about ten to one, either in winter or summer. The location 
is a beautiful one, in the midst of mountain scenery, affording opportunity for 
walks, drives, climbing, and continuous out-door life, without hardship or exertion. 
Every accessory of woods, rocks, running water, flowers, brilliant sunshine, and 
magnificent distance is present. 


The Phcenix Hotel 


Is a commodious and massive structure of stone—the finest watering-place hotel 
west of the Alleghenies. It has every convenience of modern times, and is ele- 
gantly furnished and supplied. 

_ The Springs and Hotel are located on a branch ot the main line of the SANTA 
FE ROUTE, six miles from the town of Las Vegas, New Mexico; is readily acces- 
sible by telegraph, telephone, and four passenger trains per day. It is extensively 
used as a resting and bathing place by trans-continental tourists by this celebrated 
route, as well as by all classes of rest, pleasure, and health seekers from every part 
of the country. 

Pamphlet, describing Hotel, Springs, and points of interest in that vicinity, will 
be sent postage prepaid upon addressing 


GEORGE T. NICHOLSON, General Passenger and Ticket Agent, 
TOPEKA, KANSAS. 
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NORTHERN PAGIFIC RAILROAD 


LANDS FOR SALE. 


The Northern Pacific Railroad Company has a large quantity of very productive and desirable 
AGRICULTURAL AND GRAZING LANDS for sale at Low RATES and on EASY TERMs. 
These lands are located along the line in the States and Territories 
traversed by the Northern Pacific Railroad as follows: 


In Minnesota, - - - ~ Upwards of aeane Acres 


In North Dakota, ,000,000 Acres 
In Montana, - ~ - “4 19,000,000 Acres 


In Northern Idaho, - = 1,750,000 Acres 
In Washington and Oregon, - ~ ” 12,000,000 Acres 


AGGREGATING OVER 40,000,000 ACRES. 


These lands are for sale at the LOWEST PRICES ever offered by any railroad company, ranging chiefly 


FROM $1.25 TO $6.00 PER ACRE, AND ON 5 AND 10 YEARS’ TIME, 


For the best Wheat Lands, th e best diversified Farming Lands, and the best Grazing Lands now open 
for settlement. 

In addition to the millions of acres of low priced lands for sale by the Northern Pacifie R. R. Co., on 
easy terms, there is a) equal amount of Government lands lying in alternate sections with the railroad 
lands, open for entry, free to settlers, under the Homestead, Pre-emption and Tree Culture laws. 


D0 THISE — 


WRITE FOR PUBLICATIONS RELATING TO MINNESOTA, NORTH DAKOTA, MONTANA, NORTHERN IDAHO, WASHINGTON AND OREGON 











An attractive belt of country reaching from Lake Superior to the Pacific Ocean and Puget Sound, and 
noted for its rich natural resources. 

The Northern Pacific Railroad Company mail free to all applicants the following Illustrated 
Publications, containing valuable maps, and describing Minnesota, North Dakota, Mon- 
tana, Idaho, Washington, and Oregon, viz.: 

SECTIONAL LAND MAP OF NORTH DAKOTA, showing the Government lands 

open to settlers, and those taken up, and the railroad lands for sale. and those sold in the dis 
trict covered by the map. 

SECTIONAL LAND MAP OF EASTERN WASHINGTON AND NORTHERN 

IDAHO, showing the unoccupied and occupied Government lands, the sold and unsold railroad 
lands, with descriptive matter relating to this portion of the Northern Pacifle country. 

SECTIONAL LAND MAP OF WESTERN AND CENTRAL WASHINGTON, 

showing the unoccupied and occupied Government lands, the sold and unsold railroad lands, in 
Central and Western Washington, including the Puget Sound section, with descriptive matter concern- 
ing the extensive timber regions, mineral districts, and the agricaltural and grazing lands. 

MONTANA MAP, showing the Land Grant of the Northern Pacific R. R. Co.. and the Govern- 
PF ment surveys in the district covered by the map, with descriptions of the country, its grazing 
ranges, mineral districts, forests, and agricultural sections. 

ALSO SECTIONAL LAND MAPS OF DISTRICTS IN MINNESOTA. 

When writing for publications, include the names and addresses of acquaintances, and pubtications 

will be sent to them also. 


SUPERB TRAIN SERVICE. 


The Northern Pacific passenger trains are equipped with Pullman palace sleeping 
cars, colonist sleeping cars, dining cars, and first-class coaches. The colonist sleeping cars are run on 
the daily fast through express trains, without extra charge for berths. 

For full information relative to rates, tickets, sleeping and dining cars, and for 
copies of illustrated publications including the “ Wonderland” and “Alice Folder,’ describing the 
summer resorts, Yellowstone National Park, California, Alaska, ete., with maps of the Park and line of 
road, apply to or address 


GHAS. S. FEE, Gen’l Pass. and Ticket Ag’t, St. Paul, Minn. 


2 WRITE FOR PUBLICATIONS. “€? 


They are illustrated, and contain valuable maps and descriptive matter. and are MAILED FREE OF 
CHARGE to all applicants. For information relating to lands and the Northern Pacific country, address 


P. B. GROAT, OR CHAS. B. LAMBORN, 


GENERAL EMIGRATION AGENT, LAND COMMISSIONER. 
st. PAUL, MIIWwIWEsSOoTA. 








DRAPER’S ocif-REGORDING THERMOMETER, =, 


DESCRIPTION OF THE INSTRUMENT ; ' 
,AND DIRECTIONS FOR ITS USE. gives a permanent 


and continuous rec- 
ord in ink of the 
temperature. The 


MMe S, chart indicating 
ing 
ED iy 


win NY hours of the day and 
a days of the week, 

gives the degrees of 

temperature from 20° 

below zero to 110° 

above. All instru- 

ments are accurately 

adjusted and war- 

ranted. The record 

is easily read and ab- 

solutely correct. Sold 

ve De Dany nearer’s iy by the leading in- 
Drennan te 1 strument dealers and 
| al coon I opticians throughout 
Tae Draper MES Co. wi the United Statesand 


182, FRONT ST, i 
NEW YORK. i Canada; and by 





The DRAPER 
MANUFACTURING CO., 
SIZE 14 BY 20 INCHES. 


frotected by Letters Patent in the United States, Canada, Great Britain, Owners of the United 
France, Germany, Austria, ungary and Belgium. " 
Sper States and foreign 
STANDARDIZED AND WARRANTED. 
cane Bey Te patents, 152 Front 


MANUFACTURED BY THE 
DRAPER MANUFACTURING COMPANY, Street, New York. 
152 FRONT STREET, NEW YORK CITY. 








(yoLonapo COLLEGE, 
COLORADO SPRINGS, COLORADO. 


THE CLASSICAL, LITERARY AND SCIENTIFIC DEPARTMENTS are now strongly equipped. 

Special Winter Courses are given in Assaying and Determinative Minerology. 

Students unable to continue their work in the East on account of Pulmonary diseases or Malaria, in this 
climate can pursue their studies uninterruptedly, and often regain their health at the same time. 

For further information Address President SLOcuM. 


ROSE POLYTECHNIC INSTITUTE, Terre Havre, Inv. 


A SCHOOL OF ENGINEERING. 
Well endowed, well equipped departments of Mechanical and Civil Engineering. Electrieity Chemis- 
try, Drawing. Extensive Shops and Laboratories. Expenses low. For catalogue address T. C. Men- 
denhall, Pres. 

WANTED.—A Mereoro.ocicat Assistant. He must carry on the (at present) 
four daily observations with the necessary copies and reduction, and must attend to 
the self-registering instruments. His compensation will consist in room, fuel and 
lights. A good chance for a young meteorologist. Address, 

M. W. Harrineton, Ann Arbor, Mich. 























LEGIBLE. ee \* > ACCURATE 


8 inch Dial. 





ee 2 = li, )) . - IM 


5 inch Dial. 


, Oa —= 10 
\\) 


; qu ci (wy A 





(Metallic.) 


Special Thermometers for Meteorologists with or without Telemeter 
attachments. 


AGENTS : 


THE FAIRBANKS SCALE HOUSES 


In the principal cities of the United States. 





COMPTOMETER 


sevsnnnnnnnnne SPECIALLY ADAPTED TO ALL 
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Common Fractions i a Computations. 


A I Arithmetical Calculations can be solved Rapidly and| 
Accurately by its use. ... . Send for Circular. | 


FELT & TARRANT MFG.CO., | 


52-56 ILLINOIS STREET, - ~ GHIGAGO, T1.Le 














